OBJECTIVE: To examine whether children and adolescents of Zaragoza (Spain) are becoming centrally obese to a greater extent than would be predicted by their relative body weights.
Introduction
Symptoms associated with excess weight and adverse fat distribution, and secondary disorders, including coronary heart disease, stroke, non-insulin-dependent diabetes mellitus, and several cancers, are becoming increasingly well recognised. 1 In the last few years, it has been also established that most disturbances related to abdominal obesity have their onset during childhood. 2 -5 In children, body fat patterning may be described by a variety of anthropometric procedures, but the most simple indices are waist circumference alone, 6 waist-to-hip circumference ratio (WHR) 7 and some skinfolds ratios. 8, 9 Increased waist-to-hip circumference ratio is used to indicate a preferential accumulation of adipose tissue in the 'abdominal region' or 'upper body'. Different skinfolds ratios have been also used to assess subcutaneous adipose tissue distribution: triceps=subscapular (T=SS); 8 biceps þ triceps= subscapular þ suprailiac (B þ T=SS þ SI); and (subscapular þ suprailiac=biceps þ triceps þ subscapular þ suprailiac)Â100 (trunk-to-total skinfolds %). 10 For children and adolescents, data on temporal changes in body mass index (BMI) and prevalence of overweight are scarce, 11 and data on temporal changes in adipose tissue distribution do not exist. In adults, Lissner et al 12 have shown that the female Swedish population appears to have experienced some changes in body shape and composition; they cannot explain the increasingly centralised fat patterning by changes in BMI or subcutaneous skinfold thickness. On the other hand, in the Campbell's Survey, a 7 y follow-up of the Canada Fitness Survey, a significant stability on adipose tissue distribution, has been observed assessed by the ratio of trunk-to-extremity skinfold thicknesses and waist circumference, over 7 y. 13 Secular (time-related) trends in fat patterning could, however, have as serious health implications for the population as trends in prevalence of overweight. Therefore, the purpose of the present paper was to examine whether children and adolescents of Zaragoza (Spain) are becoming centrally obese to a greater extent than would be predicted by their relative body weights.
Subjects and methods

Subjects
The samples analysed in the present study have been inluded in two cross-sectional surveys conducted in 1980 and 1995. The subjects were all Caucasian children and lived in the central part of Spain (Provincia de Zaragoza). The sampling procedure was the same in both surveys: a representative sample of the schools of this area was drawn in each survey (seven schools). A listing of schools provided by the Ministry of Education was used to construct the sampling frame. We selected five urban schools (one of medium -high socioeconomic status, two of medium socioeconomic status and two of medium -low socioeconomic status) and two rural schools (one of medium socioeconomic status and one of medium -low socioeconomic status). This is representative of the socioeconomic status of children of the Provincia de Zaragoza. 6 In each school all the children were proposed to participate in the two surveys. Participation rates were 82.36% in 1980 and 78.71% in 1995. The samples selected for the 1980 and 1995 surveys comprised 1553 and 701 male children, and 1311 and 659 female children, respectively, with ages ranging from 6.0 to 14.9 y (Tables 1 and 2 ). The sample sizes decreased in proportion to the number of children in each age group, Spain being the country with the lowest birth rate in the world. Parents or supervisors of the children were informed by a letter of the nature and purpose of the study. After receiving their written consent, the children were considered for inclusion in the study. The protocols were approved by the ethical committee of the University Hospital of Zaragoza, Spain.
Anthropometry and subcutaneous adipose tissue distribution methods All the measurements were performed by well trained anthropometrists. All the anthropometric measurements were measured following previously published methods. 14, 15 Body weight was measured to 0.05 kg using a standard beam balance, in a swimsuit. Height was measured to the nearest 1 mm using a Harpenden stadiometer. With these measurements we calculated the BMI -weight=height 2 (kg=m 2 ). Skinfold thicknesses were measured in triplicate at the left side of the body to the nearest 0.1 mm with a Holtain (1) triceps, halfway between the acromion process and the olecranon process; (2) biceps, at the same level as the triceps skinfold, directly above the centre of the cubital fossa; (3) subscapular, about 20 mm below the tip of the scapula, at an angle of 45 to the lateral side of the body; (4) suprailiac, about 20 mm above the iliac crest, in the axillary line. In 1980 the technical errors of measurement were 1.11 mm for biceps, 0.91 for triceps, 1.12 for subscapular and 1.17 for suprailiac. In 1995, the technical errors of measurement were 1.13 mm for biceps, 1.12 for triceps, 1.05 for subscapular and 1.04 for suprailiac. The mean of the triplicate measures was used in the analysis. We have calculated some indices of fat patterning: triceps=subscapular skinfold (T=SS), biceps þ triceps=subscapular þ suprailiac skinfold (B þ T=SS þ SI), and (subscapular þ suprailiac=biceps þ triceps þ subscapular þ suprailiac skinfold)Â100 (trunk-to-total skinfolds %). 8, 10 Statistical analysis To assess secular trends on the indices of fat patterning by age group between the two surveys, the unpaired Student's t-test was used. The homogeneity of variances was analysed using Levenne's test, adjusting the t-test where homoscedasticity could be supposed with a 95% confidence. Mean differences and 95% confidence intervals for these differences were also calculated.
To adjust for total adiposity (BMI), the ANCOVA test was used and BMI-adjusted mean values of every fat patterning index at the two surveys were calculated by sex and age groups.
Results
In Tables 1 and 2 are shown the number of children in every sex and age group and weight and height mean values. There is a trend to higher weight and height values from 1980 to 1995.
In males, the T=SS index did not show significant changes between the two surveys; however, B þ T=SS þ SI and trunkto-total skinfolds % showed a significant trend to a central pattern of fat distribution from 1980 to 1995, at the ages of 6.5 -11.5 y (Tables 3 and 4) .
In females, trends in T=SS showed a trend to a central pattern of fat distribution at the age of 6.5 y (1.74 and 1.63, respectively, P ¼ 0.025), but a trend to a peripheral pattern of fat distribution at the ages of 8.5 (1.59 and 1.70, respectively; P ¼ 0.037), 11.5 (1.43 and 1.57, respectively, P ¼ 0.007) and Trends in fat patterning LA Moreno et al 12.5 y (1.40 and 1.54, respectively, P ¼ 0.006). The other indices, B þ T=SS þ SI, and trunk-to-total skinfolds %, showed a significant trend to a central pattern of fat distribution from 1980 to 1995, at the ages of 6.5 and 7.5 y (Tables 3 and 4 ). In both sexes, similar results were obtained when we adjusted for BMI values, both in males (Table 5) and females (Table 6 ).
Discussion
Obesity is now considered a global epidemic because its prevalence and severity both in adults and children is increasing worldwide at alarming rates. 11, 16 Data on temporal changes in fat patterning in adults are scarce. 12, 13 To our knowledge, data on secular trends in fat patterning in children and adolescents do not exist.
To estimate the pattern of fat distribution in children and adolescents, a certain number of anthropometric measurements and indices have been used. 8, 10 The usefulness of these indices can be analysed in terms of prediction of intra-abdominal adipose tissue and metabolic and=or health outcomes. Goran et al 17 observed that intra-abdominal and subcutaneous abdominal adipose tissue can be accurately estimated in prepubertal children from anthropometry; intra-abdominal adipose tissue was best predicted by abdominal skinfold, ethnicity and subscapular skinfold, and subcutaneous abdominal adipose tissue was best predicted by waist circumference, subscapular skinfold, height and abdominal skinfold. In another study, in 11-yold children, waist-to-hip circumference ratio was not a useful predictor of intra-abdominal fat deposition; however, subcutaneous fat deposition was strongly associated with intra-abdominal fat deposition in girls and was moderately related to intra-abdominal fat deposition in boys, with subscapular skinfold providing the best indicator for girls and subscapular=triceps skinfold ratio providing the best indicator for boys. 18 In pubertal girls, circumferences at the trunk, but not trunk-to-extremity skinfold ratios or waist-to-hip circumference ratio, were good measures of intra-abdominal fat areas assessed by magnetic resonance imaging. 19 Waist circumference seems also to be the main predictor of metabolic complications in children and adolescents, but the ratio subscapular=triceps skinfolds also showed a good correlation with the metabolic variables. 4 Despite the waist circumference showing better correlations with intra-abdominal adipose tissue and metabolic complications of obesity, skinfold ratios seemed adequate for the assessment of adipose tissue distribution, at least in population studies. Further studies must analyse not only the subscapular=triceps ratio, but also the other anthropometric indices used, in relation with intra-abdominal fat and the metabolic complications of obesity. In our population, we measured waist circumference in the 1995 survey, 6 but not in 1980, which is why we can not analyse trends in waist circumference between the two surveys.
In this study, we observed a trend to a central pattern of fat distribution, especially when we accounted for B þ T=SS þ SI, and trunk-to-total skinfolds %, in males and at the youngest ages studied (6 -11 y in males, and 6 -7 y in females). The observed changes persist after adjustment for trends in BMI. We cannot compare our results with other obtained in children or adolescents. In adults, Lissner et al 12 showed that the Swedish female population appears to have experienced some changes in body shape and composition; they cannot explain the increasingly centralised fat patterning by changes in BMI or subcutaneous skinfold thickness. On the other hand, in Campbell's survey, a 7-y follow-up of the Canada Fitness Survey, a significant stability in fat patterning, assessed by the ratio of trunk to extremity skinfold thicknesses and waist circumference, was observed over the 7 years. 13 The increase in childhood obesity prevalence is related to an increasingly sedentary lifestyle with physical activity as well as changing dietary habits. 20 -22 Less information is 
Trends in fat patterning LA Moreno et al available about the causes of a central pattern of fat distribution and their trends in time at the population level. Recent studies carried out in adults seem to confirm the notion that high-fat diets might lead over time to excess body fat deposition. 23 George et al 24 have also observed in adults that a greater energy intake in the form of fat influences total adiposity, as well as regional subcutaneous fat distribution, only when high-fat consumers are compared to low-fat consumers. We have not observed any correlation between dietary intake and the indices of adipose tissue distribution studied. 25 Physical activity may also play an important role in the trends in relative weight and obesity. 26 In adolescent females, body fat distribution appeared to be affected by many factors, including overall body weight and the level of physical activity. 27 In conclusion, we have observed a trend to a central pattern of fat distribution especially when we accounted for B þ T=SS þ SI, and trunk-to-total skinfolds %, in males and at the youngest ages studied (6 -11 y in males, and 6 -7 y in females). These observations were independent of trends in BMI. These findings may reflect a historic trend that has been referred to as the 'civilisation syndrome', 28 which consists of decreased physical activity, increased stress and anxiety, and increased smoking and alcohol consumption. Ecological reasoning might predict that rates of diseases associated with a central pattern of fat distribution would increase in parallel with the observed trends. From a public health point of view, a priority will be to develop health promotion programmes aiming to prevent obesity, especially that characterised by a central pattern of fat distribution, from childhood.
